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NATIONAL ADVISORY C O M m  FOR AERONAUTICS 

HIGH-S?ED CASCXDE T3STS O F  

COFRESSOR BLADE SECTSONS 

By James C. Dumvant, James C. Emery, Houard C. Walch, 
and Willard R. Westphal 

Two-dimensional gorous-well  cascade tests of the NACA 65- (l2Alc)) 10 
and NACA 65-(lU\21&) 10 blade  sections were made a t  Mach cumbers from 
0.3 t o  choking i n  most cases. Data were obtained at s o l i d i t i e s  of 1.0 
and 1.5 E t  inlet -a i r   angles  of 45O znd 60° for  both blade  sections. With 
a solid--mll  modification t o   t h e  cascade  tunnel,  schlieren  observations 
%-ere =de of the  flow i n  cascede at a so l id i ty  of 1.5 and inlet-ai r   angle  
of 45O an6 at a so l id i ty  of 1.0 aEd inlet-air =&le of 60'. 

Test r e su l t s  for  the NACA 63- (2410)lO blede  section shov tha t   the  
turning  angles measured at  low speed do not change s ignif lcant ly  as the 
speed  increases until t h e   c r i t i c a l  Mxh number is exceeced. Because of 
increasing  separation  fro= t'ne highly cambered trailing-edge  region, 
the  t-mning  angles  for  the NACA 65- (12p I 10 bhde  section  decreased 
es much as bo from low speed t o   c r i t i c a l  speed. The high-speed  geriorm- 
azce of' the NACA 65-(rn10)10 and the NACA 65- (L+I&) lO  bkde  sect ions 
is lergely deterrnined by the  passage  area  distribution. The angle of 
sttack Tor best  operation a t  high B c h  numbers is higher than  the  design 
engle of' attack  selected a t  low speed to have pressure  distributions 
tha t  are f r e e  of seaks. 

-2 8b) 

IETRODLJCTION 

Conventional  comyessors  frequently have used the uniformly loaded 
NACA 63- ( C Z ~ A ~ O )  10 blade  section for which low-speed cescade data   are  



evaiiable  in  reference 1. In  order  to  obtain  high  cri t ical   speeds,  the 
&I& mear? lim lmving most of the loeding  in the trailing-edge  region 
vas devised and lov-speed  cascade tests of blade sections  using  this 
rnesn i ine  are reported  in  reference 2. Zotor tests of the A 2 I &  m e e n  
line a t  ?&ch  numbers us t o  1.13 ( re f .  3) were highly successful. Tkese 
x o  blade sections  represenzing two signif icent iy   different  t nes  of 
ioading were selected  for  the f5rs-L Xgh-sFeed tests in  the  porous-vall 
csscade vhere detailed exanination of blade passage flows coEld be made 
t o  determine  the Farrier in  vhich hi& subsonic speess a f f ec t  blade per- 
f o m n c e  and  whether desi=  informtion obkained i n  lox-speed tes t ing  
is sa t i s fac tor i ly   cor rec t  a5 hi@ speeds. 

Tvo-dimensional porolls-va11 cascade  zests of tbe NACA 65-(~~lo)10 
and the TiACA 6~-(22A$&b)10 blade sections were made a t  ?kch nunbers 
frorn 0.30 t o  e. high subsonic ?&ch  number that frequently choked the 
cascade and prodmed  blade-surfece Yach nmbers above 1.4. Cascade con- 
f iguratfons  vere   sol idi t ies  of 1.0 ar-d 1.5, end in le t -a i r  angles of 
both 45O md 600 for  both biade  sections. With e solid-vEll  modificg- 
t i on  t o  the cascade, schlieren  Qbservetions %-ere mde a t  several  angles 
Of at t&ck f o r  cascade  configurations of so l id i ty  1.5 am3. in le t -a i r  
angle d53 and so l id l ty  1.0 azci Lxlet-air  angle 600. 
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Subscripts: 
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c r  
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'i; 

tangential  spacing between blades 

pressure  coefficient, p1 - p2 
0-1 

velocity 

vale  vidth I 

angle of attack:  angle between efitering flow direction 
and chord 

air angle rneas'ured from perpendicular  to  blade rov 

xake b lockage 

turni-ag mgle  

d e m  i t y  

sol idi ty:  chord-specing ratio,   c/s 

cr i t ical ,   condi t ion of f i r s t   a t t e i n n e o t  of sonic  velocity 
on blade  swface 

local,  as on blede  surface 

throzt or" blade  passage 

The Langley 7-lnch High-speed Cascade 

A schemtic diagraT of '&e lkngley  7-inch  high-speed  cascade is- 
sho-m i n  figure 1. The flow enters  tke  40-inch-diameter  upstrean  duct 
and s e t t l t n g  chamber through three 50-mesh screens and is  accelerated 
smoothly through in l e t   f a i r ings   i n to  a channel '7-318 inches wide v i th  

adjustable  vertically to match the  vertical   height of' the  >articular 
cascade under t e s t .  me upper  and loyer walls or" the   t es t  section are 

a maximum height of 22 inches. Upper  and lower in l e t   f a i r ings  are 
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attached  to and move w i t k  the   inlet   fa i r ings.  These va l l s  end do-mstream 
i n  f lexible   fa i r ings which a re   ed ju ted   to   s imula te  aco-lher blade s w -  F 
face.  Tie 1o:qer f lex ib le   Ta l l  is .mde of porous material piaced  over e. 
suction chanber to prevent  segaretion. The side walls carry  the test- 
section T J a l l s ,  the blade rov, ins-lrumnts, and other   eqdipent  which 
remains fixed  relative  to  the  blade row-. The side v d l s  cen ke  rotated 
f o r  a 0" t o  56O range of i n l e t  flaw angles  relative  to  the  cascade. The 
cascade I s  equipped 5ritl.1 s lo t s  on a l l  f o n   v a l l s  which protrude  ?/16-inch 
into %he cimnnel and reduce i t s  widtin t o  7 inches jmt  ahead of the  blade 
rov. Suction chambers enclose  the slot exteriors and are  connected t o  
a suct:on syster; fo r  removal of the wall bounhry  leyers. 

In order to   nzet  the requirenent of tvo-dimnsional flow, vhich 
w i l l  be Biscussed i n   d e t a i l  later, %he cascade was equigped w i t h  poro-ss, 
rexovable side-vall   sections  into which the blade row is affixed. .The 
porous-xall  sections  are  constructed of layers of rol led mone?. f i l ter  
cloth backed TI~A a perforated  s teel   p la te  and have exterior chaxbers 
 hick also connect t o  -L?e siiction system. The porosity of these walls 
x x t  be s x h  %?a'; %ke axomt of flow through t:?e surface is suff ic ient  
50 rexove the  bomdary h y e r  f o r  xost of  Kie test conditions,  yet  not 
so  porous as   to  in&Jce r ec i r czh t lon .  The mte r i a l   s e l ec t ed  wtts sa t i s -  
f'actory f o r   t e s t s  at most sgeeds. At the higher Yach mmbers the f i o x  
tkrough the test-secticn porous surfaces f e l l   s h o r t  of t ha t   r eqdred  
and the flov was not t xo  dir-ensiond. %-La m e  marked when f lov renoval 
was insufficient.  For schlieren  observatiom these porous test-section 
walls vere  regkced with so l id   va l l s  having a g r o x i m t e l y  5- by 7-inch 
glass viociows . 

Flow Surveys 

"ee total-pressure  rakes  vere installed for xal l  boundary-layer 
survey. The first vas  positioned ahead of the side w a l l  s lot;   the 
second,  behind; a ~ d  %?le third, on the loiqer w a i l  akead of the slot. A 
wide range of slot-chmber  pressures were investigated. A comparison of 
the vall boundary-layer prof i les  s3owed the most e f f e c t i v e   s l o t - c b b e r  
press'xe vas less than  the  test-section  static  presswe by about 20 per- 
cer?t of the  test-section impact presswe P - p. 

Tne test   section  xas sllrveyed  upstream of a typical  cascade set at 
en inlet-air   engle or" F1 = 60° t o  determice  the  uniforrriity of the flow 
mder the uual o3erating  conditions.  Uniforx  upstream and doms tream 
s % e t i c  presswe  distributions  vere set by varying  the upper and lover 
wall slot pressures and  by varying  the  posikion of the  f lexible upper 
and lover val l  ends. Then flov angle ar?d total   pressure were xeasured 
a t  tvo  positions,  the f i r s t  a quarzer-test-section :.lei&% From the lower 
v a l l  and the second a qcarter-test-section  height from the upper :<all. 

a 

Y 

. 
'6 



5 

Shown in   f igure  2 ere the f lov  mgles  end total   pressures  TEasured ahead 

section  flov. No correction has been applied  to the b t a  f o r   t h i s  
deviation. 

3 of the blade row. There is  a deviation of approximtely lo i n  the test- 

The temperature of the  flow  upstreem was maintained a t  from 130° 
t o  160° F a t  high speeds to  avoid any possible  condefisatioc  effects. 
This t e q e r a t u r e  was suf f ic ien t  even  under highly  hmid Local conditions 
(for exe?ple, 90' F and  70-percent re la t ive  humidity) t o  reduce the 
relat ive  hunidi ty   to  20 percent   in  the upstrea-  duct  without  the use of 
air-drying equipment.  According to  reference 4, a t  20-percent  relative 
humidity the flow is  essent ia l ly   f ree  of condensation fo r  bkch nmbers 
greater  thzn the maximum entering Mzch n u h e r  of 1.0 obtained i n  these 
tests. 

T e s t  Procedure 

For e. typ ica l  cascade test  the follosTing quantit ies were reasured: 
(1) the t o t a l  pressure i n  the upstream  duct; (2) upstream s ta t ic   p res -  
sures  neasured by 10 or more orifices  located one chord  length  upstreem 
of the blade rox (but downstrean! of the w a l l  boundary-ayer  renovel 
s l o t  as shown i n   f i g .  1) ; (3) do-mstreax static  pressures  neasured by 
from 8 t o  10 orifices  approximately  one-half  chord length &ownstream 
of the blade rou; (4) upper aqd lover  blade-surface  static  pressures 
measured by 21  ori?ices  located a t  midspan of the center  'Dhde; 
( 5 )  turning  angle measured approximately one chord  length downstream 
of the  bledes a t  midspan and behind  the  four  centernost  passage  exits; 
and (6) the   to ta l   p ressure   in  the wake of the center blace et midspan 
which was Eeasured by a 26-tube rake. >&en measuring turning  angles, 
care  vas taker- to  insure  that  the  readings were not  affected by the 
vake of the blades. For t h i s  purpose the t x o  yaw tubes were very  closely 
spaced and the total   pressure  tubes were mounted 1/2 i m h  to  each side. 
TiLrr?ir?g angle  vas  recorded only vhen full to ta l   p ressure  w a s  present a t  
the two outer  tubes. 

t 

The accuracy of the  turning  angle is dependent not  only on the 
survey  instrurrent and its posit ion behiEd tire passage  but also on the 
se t t ing  of the slot swtion  pressures,  the  porous-wall chamber pressures, 
and the  f lexible  walls. The instrunent is e s t i m t e d   t o  be sccurate 
to  f-O.3O End turning  mgle i s  repeatable  for .=ny test t o  k l .Oo.  The 
turning  zngles  preser?ted are the measured angles end are not  al tered 
for  chmge  in  axial  velocity  across  the  cascade. 

Tne necessity of porous-wall  boundary-layer removal t o  produce 
3 cascade d a b  vhich wOdM be two &imensional and i n  agreeKent with blover 

h t a  w a s  established  in  reference 5 fo r  low speeds.  Two-dimensioml 
?low (EO spmwise convergence or divergence of <fie strem tubes) was 

c 
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minteined  in  these high-speed tests vhenever possibie. In  order  to 
achieve this  condition  the ~ ~ 2 1  boundary l aye r s  vere removed to  prevent B 
eny decrease i n  passage  width  -ditch would o&thervise increase do-mstream 
velocity. A s  the bow-dary layers Ere removed from the  blade-passage 
erd :,.rails, bhde-rad Fres sue  rise increases and the dovnstream velocity 
decreases. Til,us, changes i n  porous--wall test chamber pressures  vere 
use& to  adjust  bomdary-leyer removal and hence prevent  stream-tzbe con- 
vergecce. To es tsbl isk that txo-dimensional  flow was present,  cascade 
turning  angles were measxed and -used to  calculate an ideal  value of 
the domxtream  ixpaet  pressu-e (Pl - p2) for   the  par t icular  upstream 
impact pressure ( ~ 1  - PI). !Be porous-wail  c'mber  pressure  vas  adjusted 
mti1 the  value of ( P1 - p2) vas equa; to   the ideal v a h e  of (P1 - p2) 
Flus E small excess  proportional  to  the emount of wake blockage  present. 
Charges in  turning  angle  or %he wake resul t izg from the new floii condi- 
Slors required  readjzstxent of the anount  of bomdaq  Layer removed. 

For some higk-sngle-of-atteck,  high-pressure-rise  cascede  configu- 
raAona,  attempts to   es tabl ish  the  s ta t ic-pressure rise requlred  for 
tvo-d5mensio?al flow resulted  in  separation from the  blade Lpper sur- 
faces,  especiaizy a t  the  higker &ch numbers. Since no useful data can 
be obtained  with  the  biade in a badly  separated  condition,  the  require- 
ne r t  For cvo-dirensional  flow was relaxed and tke  cascade did represent 
a passage tkat  converged sparwise. i n  relaxing the tvo-dimensional 
reqxirernert  and hence the  pressure  rise,  tuzning angles increase  over 
the +d-o-dimnsional v a k e .  Examination of tke  data sbovs t ha t   fo r  some 
conclitions  without  skarply  defined  separation  the  effects of sewra t ion  
are  s t i l l  present  regardless of vhetker the f l o s  is tvo  dimensional or 
not. 

For f lov  observatlons by the  schlieren  nethod,  the  requirenent of 
tvo-dimensional f l o w  vas  vaived. The resulting  test-section  pressure 
rise vas usually less "than that  obtained  with the porous-wall  setup. 
This dlfzerence  in  pressure rise sometimes caused a change ir, flow 
separation on the  blades which m s  evident  in  cOq&risOrl of wake-loss 
coefficients . 

Reduction of 3ata 

A xomenturn-loss coefficient :<as calculated from the measured t o t a l  
presswe loss by the method of reference 6 Tor calculating wake force. 
h!cmen"Lurr! loss vas  calculeted frm- the  domstream  conditions end is 
e-ressed ir? coefficient form based on the dynamic pressure upstream of 
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the cascade. Hence, 

+ 

where F, (a .e t e rmin  .ed from rer . 6) is  the r a t i o  of t h  le mox-entum-loss 
coefficient t o  the total presswe-loss coefficient  for  en assuned w e h  
shepe as a function of the meximum total pressure loss and Yach nEaber. 

A ce lcuhted  check of' the txo  dimensiomlity of the f low vas made 
f o r  a l l  t e s t s .  Tests a re  considered two dm-ensional if the tes t   p res -  

sure rise p2 - '' is greater  than 90 percent of the ideal pressure 
91 A 

r ise   calculated from the  entering Yach number, inlet-air  angle,  turning 
angle, and the xzke blockage OZ the   tes t .  The wake bloc-hge :as calcu- 
lated f o r  a number of assumed cosine-shaped wakes e l l  hEving equal 
morrentu loss b d t  different  widths End heigh-ls. It wes found th&t the 
wake blockages fo r  a l l  prec t ica l  p-mposes vere e q z l  except  for Takes 

condition vould correspond to  a mke teken  precticelly a t  the   t ra i l ing  
edge of a Slade section. For these tests with the wakes aessured  almost 

portional t o  the  total-pressure loss. To obtain the exect  relationship 
the vake  blockages of e nlnber of the test wakes were calculated azd 
plotted  ageinst  the  integrated  total-pressure loss, End the following 
relat ionship  for  the wake blockage 6 w a s  indicated: 

. having veloci t ies  less than 0.6 of the   f ree-s t rea   ve loc i ty .  such e 

t e chord  downstrem it T#ras concluded that the w e e  blockage woizld be pro- 

The ideal  pressure rise for   the cascade vas obtained from the displace- 
ment thickness and isentropic  relationships. This ideal value was com- 
pared  to the measured pressure rise t o  determine the max~hurr~ M=ch number 
for  which the t e s t s   a r e  considered two dimensional. 

PRESENTATION OF TIZSULTS 

. Tje resu l t s  of the  porous-wall  cascade tes t s   e re   p resented   in  f i g -  
ures 3 t o  52. A l i s t  of the  cascade  coni'iguratlons  tested and corresponding 

4 
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figure  nunbers  are  tabulated  in  table 1. For  each blade setting, four 
to six  pressure  distributions  representative  of  the  variation of surface L 
pressures  tkrouglhout  the  Mach  number  range  tested  are  given.  The  down- 

stream  static  pressure - p2 is  indicated on the  pressure  distribu- 

tions  by  the  horizontal l h e  at  100-percent  chord.  The  variation of 
turning  angle,  momer,tum-loss  coefficient,  and  pressure  rise  are  presented 
in  figures  imxediately  follo-wLng  each  pressure-distribution  figure. 
The I M t  of two dimensionality  of  the  &ests is indicated by the  ver- 
tical Une on  the  section  characteristics,  figures 3 to 52.  Schlieren 
figures 53 to 67 confain  five  to ei@t representative  schlieren  photo- 
graphs  and  are  followed  by  figures  showing the variation of turning 
angle,  na.lientum-loss  coefficient,  and  pressure  rise  obtained in the 
schlieren  test.  (See  table I.) In figures 68 to 75, turning  angle is 
plotted  against  angle of ettack at M 1 =  0.30 and at critical  speed. 
T-urning  angles  measured  in  the  1o:T-sFeed  cascade  tunnel  (refs. 1 and 2) 
are a l so  plotted  for  co-garison.  In  fJgures 76 to 83 momntum-loss 
coefficients  at  various  constant Yach numbers  are  plotted for  the  angles 
of attack  tested. 

91 

DISCUSSION OF RESUITS 

Turning angles.- Good correlation of turning  angle was obtained 
between  tests of the 65- (12A10)lO blade  section  -de in the bd-speed 
cascade (M1 < 0.15 and Reynolds  number = 245,000 and 444,000 in ref. 1) 
end  tests  ride  in  the  high ,$tach number  cascade  at M l =  0.30 
(Xeynolds  nlmber = 550,000). Figures 68 to 71 show the turning  angles 
to be near2y equal at these  speeds. At critical  speed  the  turning 
angles  are  essentially mchanged from  the MI = 0.30 values.  (See 
figs. 68 to 71.) kci" number  had  negligible  effect  on  the  turning 
angle  of  t3e 65-(ml9)1o bbde sectLon  until  supersonic  velocities 
occurred on %he  blade  surface  and  rronentum  losses  increased.  At speeds 
above  critical,  turning  angles  decreased d m  to  the  lower  pressures 
over  the  %lade  lover  surface  caused  by a decrease  in  the  angle of attack 
locally  (discussed  later)  and/or  by  separation oc either  blade  surface. 
The  separation,  which may o r  ray not  be  caused by a shock, reduces  the 
blade-row  pressure  rise  and  hence  reduces  the  downstream  pressure  which 
largely  determines  the  lower  surface  pressure  over  the reamard portion 
of the blade. 

The  turning  angles  measured  for  the 65-(12+1&)10 bhde section 
are  affected  greatly  by  the  unusual  highly  carved  portion  of  the  loaded 
trailing  edge of the airfoils. m-e variation  of  turning  angle  with 
Mach  number i s  shown in figmes 28 to 52 and the  vari-ation of turning 

f 
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angle with Engle of attack is shown in   f i gu res  72 t o  75. For the 

Mach =umber cascacie tunnel a t  Ml = 0.30 were i n  agreement w i t h  turning 
angles ZeasLired a t  lov s-ed. Increesing tine Pach number t o   c r i t i c a l ,  
lovered the t-crnfng  angle as nuch as 4' In  some cases  while  other tests 
showed EO decrease in  turning  angle. The turning  angle ~ s m l l y  decreased 
rapidly as the losses  increased. 

e' 65-(~~,&,,)lo blade  section  the  turning  angles  obtained  in  tne  high 

The jog in  the  turning  angle,  angle-of-attack  plots  for the 
65- (EY9L&D)10 blade  section  (figs. 73 t o  75) is a r e s u l t  of the shif t  
of the zrLnimun pressure m-d bomdary-layer  transition  point from the 
trailing-edge  region a t  low angles'of attack  to  the  leading edge E t  
high  angles of ettack. Low turning  engles  are produced vhen the tran- 
sition is near  the  leading edge because  the  turbulent bolmde-ry layer 
thiclkens along  the  blade  surface and may separete sooner in  the  highly 
cwved  trailing-edge  region. A Like phenonenon is found i n  tests of 
i s o k t e d   a i r f o i l s  and is discussed in   reference 7. Pressure dis t r ibu-  
t ions a t  p1 = 600 end (T = 1.0 ( f ig .  72) indicate h i n a r  separation 
is occ-wring ahead of' the  highly curved t r a i l i n g  edge. 

- The highly  curved t r a i l i n g  edge of the 65- (12A218b)L0 blade sectioll 
is cocducive t o  separation. The extent of the  separation  and hence the 
turnlng m-gle is 6 e t e d n e d  by the  recuired  pressme  rise and tce  condi- 
t ion  of the boundzry layer E;pproaching the  curved  portion, and r e su l t s  i n  
irregular  turning-angle  variations. 

-8 

High-speed loss  increase.- Except f o r  sngles of' at tack a t  which the 
flow i s  separeted a t  l o w  speed, the mamentun-loss coefficient (see 
f fgs . 3 t o  27) increased  rapidly  for  the 65-(m10)10 blade  section a t  
Mach nmbers of f r ~ n  0.75 t o  0.85, aboat 0.05 t o  0.10 greater  than  the 
c r i t i c a l  Yech rmber .  This behavior i s  simikr t o  that of isolated 
a i r f o i l s .  For the Ekch nunbers a t  which tine  momentun loss increased 
the rcaxlmum blade surface Vach numbers were betueen 1.09 and 1.26. The 
total   pressure loss across a normal  shock a t  these M=ch numbers voul& 
not have Droduced this   increase in nomentun-loss coefficfent. The 
distrFbution 02 the losses mas-med i n  the total-pressure  surveys =de 
in   t he  passage  behind  the  blade row indicate  the  losses  originate on 
the blade s-arface  rat'ner  than in   the  passage.  SchliereE  photographs, 
f igures 53 t o  59, tndicate  increased  separatior? of boun&ry layer  fron 
the b h d e  su-rface. 

The  morxentum loss for   the  65-(12~~18~>10 bUde section was usually 
greeter  than  for  the 65- (12A10)10 blade section because of separation 
of f l o v  f ron   the   t ra i l ing  edge. 
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In  figures 76 t o  83 nomentm-loss coefficients a t  various  constant 
bkch niuTiOers ere plotted  for  the  angles of &‘;tack tested. The useful 
engle-of-a+vcack r a g e  is bordered by high-loss  regions. A t  low speed, 
peaked blade  s-=face veloci t ies  a t  high and lov angles of a t tack   resu l t  
i n   t h i ck  and seFarsted bo-mdary layers  producing the high losses   that  
l ln i t  the asel”-;l cngle-of-attack  range.  Since higher speeds accentua*te 
peaked veloci t ies  it was expected that I.,i&er losses would be reasured 
In  the  engle-of-attack  regions  having pe&ed Low speed pressure  dis- 
tributions.  Useful  angle-cf-attack  range does decrease at higher 
Mach numbers f o r  30th blade  sectrons  as sbo~m i n  figures 76 t o  83. 

i; 

Passage area  distribution.-  A t  high speeds  the  passage area d i s t r i -  
h t i o n  and minimum throst   area determine  saqe  important  blade  operating 
characzeristics. For 65- (l2AlO)1O and 65- (X&$&,) 10 blade  cascades a t  
Lnlet-air  angles  greater  than 40° the throat  area  extends from a lower 
s-mface  point  very  =ear  the  leading edge t o  an upger surface _point  near 
midchord. When the  throat  area is less thm the upstream flow area 
(see  f ig .  a), compressibility  effects  accentuate  the  throat  contraction 
2nd cause a disproportionate  increase of the veloci t ies   in   the  throat  
region. The pressure  distribution shom the formation of velocity  peaks7 
near  the  leading edge on the lover swface,  locally  decreasing  the 
loading, and near midchord on the upper surface,  imreasing the loading. 
A r e su l t  of this shif t  of the loading rearnlard is t o  increase the adverse 
pressure gradient over the rear portion of the upper surface and thereby 
increase  boundary-layer  grovth and the  tendency t o  separate. Typical c 
examples of the rearvard shift  of loading  can be seen 52  figures 22 
and 47. A t  choke the  yressure over the upper surface  decreases from a 
high v a k e  a t  tke  leadizg edge t o  a minimxi a t  the  throat  (near midchord) 
:fhile the lower surface pressure a t  the  leading edge is a minimum. 
Hence, the blade sections  appear  to operate a t  a lover angle of at tack 
a t  high sgeed than a t  low speed. 

For 5igh angles of a t tack a t  vhich  the  cascade did not cholke, the 
xpwash an6 hence the  surface  pressures i n  the leading-edge  region is 
greatly irs’luenced by the  proxinity of the upper surface of the upstream 
blade.  Increased  interference from the upger surface of the ugstream 
bhde  dGe to  compressibility even a t  8kch cumbers belox c r i t i c a l  causes 
a decrease i n  tke -upash as Mach  number increases. Above c r i t i c a l  speed 
the  blade-smface shocks  terminate a supersonic  region  through which the 
pressure  irrfluences of the rearvard parts cannot be propagated and 
%nereby  elirninete the i r   e f fec t  on tke flow f i e l d  aheaii of tiie blades 
and tYus decrease %he qxash. Hence, the effective  angle of a t tack of 
the leading edge decreases et  high speeds. The ef fec ts  of th i s  angular 
change can be seen i n  the pressure  distributions of the tests. (For 
example, see  f ig.  4.) Year the  leading edge the downsweeplng flow 
s l igh t ly  lo.l.rers the veloci t ies  on the cpper  surface and greatly  increases rn 

the lover surface  velocit ies as Yach  number is  increased. FJ’veluation 
of t h e   d a t a   a t   c r i t i c a l  speed  indlcates Cast the  effective  angle of a 



I 

at tack is  3.5' lower than a t  lox speeds.  IncreasiEg  the  design angle 

be feasible  since  the low nornentum loss ( f igs .  76 t o  83) indicates tAis 
angie-of-attack  increase would decrease  high-speed  losses. This is  i n  
agreement with  the  results of most transonic  rotor  tests which shox a 
marked increase  in  efficiency as the  angle of a t tack is raised 3' t o  bo 
ebove the  design  Foint  selected from lo;q-speed cascade  data. The increase 
i n  work alone viYn  no decrease in   losses  vouid not produce the narked 
increese  in  efficie-n-cy.  or exm-ph, see f i g .  11 of ref. 3.)  

c of e t tack by a comparzble amount f o r  high-sseed  operation  appears t o  

A too  rzgid  increase  in  the  passage  area  either Tron the upstream 
streen tube ( A 1  i n   f i g .  a) t o  -the throat AT (usucslly  found a t  a 
high-air  ir-let  mgle,  hi&  angle-of-attack  condition),  or f r o m  t%e 
t irroat  to  just  downstreen ol" the t5zoat A2 (usze l ly  a high  a i r - inlet  
&ngle, lox engle-of-attack  condition)  probably  causes  seperation end 
high  losses. The occurrence of high  losses  in  the tests contained  herein 
cannot def ini te ly   5e  z t t r ibuted t o  this cause altliough the 65-(12~10)10 
and 63-(~+1&)10 biaCie sections  did  Gerforn  poorest a t  p = 60° arld 
a = 1.0, conditions  for which divergence of the  gasssge from upstream 
to  the  throat  was mxfnutn. 

For ~ 2 n y  design  coxlitions,  esgecielly at low inlet-eir   angles,  
the xinirn7m- Fessege (throat)   area i s  c r i t i c a l  ar?d may de te rdne  a maxi- 
mum e n t e r i n g   h c h  number or influence 'Dlede section and angle-of-atteck 
selectlon. Tyansonic  compressors a re  designed With pa r t t cukr   a t t en t ion  
given t o  the   r z t io  or" th roa t   to  upstreem area.  Throat  areas  are  given 
for  the 6 5 - ( ~ ~ ~ ~ ~ ~ ) 1 0  end 6 5 - ( C z o A 2 i ~ ) 1 0  blade  series i n  f igures 83 
aE6 86 as the r a t i o  of throat area AT t o  spacing (s = Al/cos p1) . 
This ratio  divided by cos p~ yields  the  throat t o  upstream area 
r a t i o  Q / A l  vhich  determines  the maximum entering hkch number. I n  

figures 85 arld 86 the thrcat t o  spacing  erea  ratlo - AT cos is plotted 

against (pl - a), cr end Clo by the  carpet-plotting method (see re?. 8) 
for  accurate  isterpoletion.  Briefly,  the carpet plot presented  herein 
xas Fade displacing  l ike  points of' ' ( D l  - a) and Cz0 t o  a horizontal 
scale  proportional t o  the  sol ldi ty .  Thus, t o  intergolate betareen 
so l id i t i e s  it is  necessary  only t o  fair a line  betueen  l ike  points of 
(31 - a) m d  C 2  a t  the three  given  solidit ies aFd reed the l ine  a t  
the  horizontel   distance  proportional  to the disference  betveen a given 
solidity  value and the ciesired sol idi ty .  

C 

Ai 

0 

Pressure rise across  cascade.- Lhder ideal  conditions  the pressure 
L rise  across  the ctiscade would be coctrolleci by the  blade  copziguration 

and the f lov removed  tklrou&n the sicle w a l l ;  hovever, losses from sepa- 
ra t ion  have a large  effect  on the   ac tua l   pessure  rise obtained. 

d 



Ix reas ing  -Lke amount of f lov  renovel! t h r o w  -gorocs side walls nor.mily 
produces e higker  pressure rise across  the  cascade. A s  greater amounts 
of flow are remcved throigh  the _Dorms wall  the  pressure  rise  across 
the cascade i rcreases   to  E mxLnm &Ed S,ce blase-surface bound&ry layer 
s epua te s  t o  decreese  the  pressure rFse. Thus, t o  avoid  segaration 
mny   t e s t s ,   pa r t i c Jk r ly  those a t  high Mach nmikers, were made a t  the 
highest  pressme  rise  condltion  obtainable,  since no two-dixensional 
flak- was 2ossikLe lmder these  cznditions. D-e Sressu-re rise &cross  the 

cascade - obtained in   t he   t e s t s  a t  Mi = 0.60 and 0.80 5s pre- 

serted i n  f'igure 87. The pressare rise for  the 63- (12A10)10 blade sec- 
tion  shorn ir, figire 87(a) &ecreased between bll = 0.60 end Mi = 0.80 
and is less   than  the  pressre   r ise  of' the 65-(12~21go)ro ijlade  section 
a': lilke conditions.  Sepration limited the press'ure r i s e  f o r  the 
65-(12~:0)10 blade  section a t  p 1  = 60' &qd Q = 1.0 ( f ig .  8 7 ( a ) ) .  At 
9 = 4 5 O  and Q = 1.0 zhe pressure rise elso decreeses between 141 = 0.60 
and M; = 0.80; hmever,  the maximm pressure  r ise was n o t  obtained i n  
tnese tests due to   i n s -d f i c i en t  boi;r?dary-layer rexoval  capacity 
( f ig .  87(b)). In  figures  87(c) and 8?(ci) choking in  the  throat  precludes 
3igh  entering ?Jack number a t  lolz m-gles of ettack; hence, there i s  a 
decrease i n  K!e range of angles of a'vtack a t  wkich 141 = 0.80 can be 
attaineci from tke  razge a t  idiich !Q = c.60 is etteir?ed. A s i m i l a r  
engle-o_"-atteck s h i f t  m y  be seen i n  momentum-loss coefficient  variation, 
figures 76 t o  83. 

F2 - Pl 
8; 

- 

Eigh-speed, txo-dF%ension&L cascade tests -cere made of the NACA 
63- (1!2AlQ)10 a_r?d <ne W C A  65- (12AzI~h)10 blade  sections. From data 
obtained in   these  tes ts  md in   the  1m--speed t e s t s  of the  blade  sections 
regorzed i n  HACA 3i"J L5lG31 and IWCk RM L33FjOb, the  following  results 
are summrized: 

(1) TLLrning  Et-llgles xeassred a t  low speed (upstream Mach nuzber l e s s  
zha~ 0.13) for the  uiiifs-mly lzaded NACA 65- Ct,A10 10 blade sections  are 

s-di'ficieltiy  acc-urate for design pllr2eses st Mach Embers u;? to c r i t i c e l .  
For the PTACA 53- C 2  LC bla&  series  increasing  separation "on! the 
kigkly  cmbered  Trailing-edge  regicn xay czme  the turrning angle t o  
fiecrease as KUC? as Lo between u3stres.m Kach Ilumber of' 0.3 a d  the c r i t i -  
c e l  speed. 

(2) The ?@&-speed  Ferf ormance of NACA e- ( C  20Alo) 10 and NACA 

6 5 - ( C ~ ~ + 1 8 ~ ) 1 0  bhde configuration Fs largely deterrrdmed by %he pas- 
sage  area  distriSution z3rcug3 the  cascade. 

r 

1 

F 
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(3) T!e angle of attack  for  best   operation a t  high Mach nuke r s  i s  
c higher  tkan Yne design  angle of a t tack  selected  to  have pressure  dts t r i -  

butions  thzt are f r ee  of peaks a t  lov speeds. 

(4) The engle-of-attack  range  for lov losses a t  high Mzch nmiiiers 
i s  less than that at lov speeds. 

Langley Aeromutical LzborEtory, 
National Advisory Connittee for  P-eromutics, 

Ungley  Field, Va., September 8, 1355. 
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t i; 
Protrudnq-  wall  boundary-layer  remaVal  slot 

Rlurn duct 1 
Upstream  statlc-pressure arlkes 

UPPer-wall  Slot and suctm chamber 

FlexlMe  upper-wall falrmg 

lass schlieren  wlndow  posltron 

tatic-pressure  orifices 

porous test-section wal l  

Parous flexible  lower-wall fairing 

Lower-wall  slot and suction chamber 

Figure 1.- Cross-sectional view of the Langley 'r-inch high-speed  cascade 
tunnel. 
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Olnstrument at position I 
0 Instrument at Dosition 2 t 

7 

Left wall Instrument spanwise position  ,inches Right wall 

(b) Spanwise to ta l   p ressure   d i s t r ibu t ion  downstream of wall boundary-layer  removal s l o t  
and upstream of blade row. p, = 60°; Ml = 0 .?OO. 

Figure 2. - Concluded. 
-4 
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Percent chord 
(c) M (  = .708; e = 9.70. 

Percent  chord 
(d) MI z.803; 8 = 6.9O 
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( e 1 Section characterlstics.Tests are two drmensional for Mach numbers 
up to  the vertical line The horlzontal llne Indicates low-speed 

turning angle given in reference I .  

Figure 3 .- Concluded. 
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Percent  chord 

( d l  M I  -.810 ; 8:14.3? 

Percent chord 
( e )  M~ z . 8 9 5 ,  0 :IO 2: 

Figure 4 .- Blade-surfoce pressure  distrlbutlons and  sectlon choracteristlcs 
for !he coscade  combrnotion. B, = 6 0 ° ;  c z f . 0  ; a = 1 1 . 1 ' ;  ond blode 
sectlon, N A C A  65-112Al0)fo. 
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Section characteris:ics.Tests are two dimensional for Mach numbers 
up to  the vertlcal line The horizontal line Indicates low-speed 

turning angle given In reference - 1 .  

Figure 4 .- Concluded. 
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Percent  chord 
( d )   M I  "806; 8~18.5: 

Percent chord 
( e )   M I  z . 9 1 2  ; 8 =12.Op 

Flgure 5 .- Blade-surface pressure  distrlbutions  and  section  choracteristics 
for the cascode  combmotion. PI = SO0;  cr r1.0 ; a -14.3: and  blade 
section, NACA 65-(12A10)10. 
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( f ) Section character1stics.Tests are two dimensional for Mach numbers 
up to the vertrcal line The horizonfal line indicoles low-speed 
turning angle given in reference I .  

Figure 5 .- Concluded. 
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Percent  chord 
(d )  M I  . .8l4; 8:2.20.4: 

Percent  chord 
( e )  MI =.918 ; 8 ~13.5: 

Flgure 6 .- Blade-surface pressure  distrlbutlsns 
for the cascade  combination. p ,  =GO0 ; u =l.o 
section, NACA65-(12A,o)Ic- 

and  section 
; Q .17.Ip; 

choracteristics 
and blade 



i 

( f ) Section choracterlstics.Tests ore two dimensional for Mach numbers 
up to the verticol Irne. The horizontal line Indicates low-speed 

turning angle given in reference I .  

Figure 6 .- Concluded. 
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Figure 7 .- Blode-surface pressure distributrons  and sectlon  choracteristlcs 
for the cascade  combination. p, :60° ; u : Io ; a :20.1°; and blode 
sectlon, NACA 65-([2A10110a 
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( f ) Section character1stics.Tests are two dimensional for Mach numbers 

up to the vertlcat line The harlzontol h e  Indicates low-speed 

turning angle given In reference I .  

Figure 7 .- Concluded- 
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( e ) Section charocteristics.Tests ore two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates low-speed 

turning anqle given in reference I .  

Figure 8 .- Concluded. 
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. 
U 

Percent chord 
( e )  M I  :751 ; 8=170°. 

Figure 9 .- Blade-  surface  pressure  distrlbutions and section  characteristics 
for  the  cascade  combination. B1 a 45O; cr -1.0 ; (I : IO.0: and  Made 
section, NACA 65- ( [ 2 A l o  ) lo -  
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( f ) Section characteristics.Tests are two dimensional for Mach numbers 
up to the verticbl line. The  horizontai line indicates lowdpeed 
turning angle given in reference i .  

Figure 9 .- Conctuded. 
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Percent chord 
( e )  MI -776 ; 8 ~ 1 9 . 8 ~ .  

Figure 10 .- Blade-  surface pressure distributlons and sectlon characteristics 
for fhe cascade combinatlon , 4, -45O; (r = 1.0 ; Q 5: 12.0°; ond blode 
section, N A C A  6 5 - ( 1 2 A 1 0  )lo. 
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( f ) Section characteristics.Tests  are two dimensional for Mach numbers 
up to the vertical  line. The horizontal  line  Indicates low-speed 
turning  angle given in  reference I .  

. Figure 10 .- Concluded. 
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( e 1 Section characteristics-Tests ore two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates  low-speed 

turning anqle given in reference I. 

Figure II .- Concluded. 
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Percent chord 
( e )  MI - 7 8 8 ;  8 = 23.7." 

Figure 12 .- Blade-surface pressure  distrlbutlons  and  sectlon  chorocferistics 
for :he cascade  combinatlon - B, = 45O; CT = 1.0 ; a = I7.O0; and  blade 
seciion, N A C A  65-(12A 110. 
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( f ) Section charocteristics.Tests are two dimensional for Mach numbers 

up to the vertical  tine.  The horizonfai iine Indicates low-speed 

turning  anqle’ given in reference I .  

Figure 12 .- Concluded. 
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(d)  MI z . 7 8 0 ;  8=26.5.0 
Percent  chord 

Percent chord 
( e )  MI 780; 8 :26.OP 

Figure I 3  .- Blade-surfoce pressure  distrlbutlons  and  section  choracteristics 
for the cascade  combination. B, ~ 4 5 ~ ;  u : 1.0 ; Q :2O.O?and blade 
section, NACA 65- (I2A )to. 
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( f ) Section  characteristics.Tests  are two dimensional for Mach numbers 
up to the vertical  line.  The horizantal line indicates low-speed 

turning anqle given in reference I. 

Figure 13 .- Concluded. 
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( g  ) Section characteristics.Tests ore two  dimensional for Mach numbers 
up to the vertical  line.  The horizonto1 line indicates low-speed 

turning anqle given in reference I .  

. 
s 

Figure 14 .- Concluded. 
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(d) MI z.706 ; 8 = 13.2O . 
Figure I5 .- Blade-  surfoce pressure  distributions and section characteristics 

for the cascade  combination. 13, = 60°; c = 1.5 ; Q = 9.8? ond blode 
section, N A C A 6 5 - ( f 2 A , 0  ) I O .  P 
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( e 1 Section characteristics.Tests  are two  dimensional for Mach numbers 
up to the vertical  line. The horizontal line indicoies l o r s p e e d  

turning anqle given in reference 1. 

Figure I5 .- Concluded. 
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Percent chord 
( e )  MI :  776;  8 ~14.7: 

Figure 16 .- Blade-surface pressure  distrlbuttons and  sectron chorocteristlcs 
for the cascade cornbmatlon. 13, :60 ; Q -1.5 ; 0: -12.8O; and blade 
section, NACA 6 5- (12 A ,  1 IO. 



( f ) Section characterlstics.Tests ore two  dimensional for Mach numbers 
u p  to the vertical  line. The horizontal line indicates  low-speed 

turning  anqle given in reference I 

Figure 16 .- Concluded. 
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Figure 17 .- Blade-surface pressure distributions and sectlon  characteristics 
for the cascade  combinatton. B, 1 60"; cr : 1.5 ; a =f5.B0; and  blade 
section, N A C A 6 5 - ( 1 2 A l O ) I O .  
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( f )  Section characteristics.Tests are two dimensional for Mach numbers 
up to the vertical line The horizontal llne Indicates low-speed 

turning angle given in reference I .  

Figure 17 .- Concluded. 
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up to the vertical line. The horizontal line indicates low-speed 

turning angle given in reference I. 

Figure 18 .- Concluded. 
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Flgure 19 .- Blade-surfoce pressure  aistrlbutlons and  sectlon characteristics 
for the  coscode combmatlon. a, 60°; CT = I 5 ; Q ~21.84 and  blode 
section, N A C A  65-(12A 1 IO. 
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( g ) Section  characteristics.Tests are two dimensional for Mach numbers 

up to the vertical  line.  The horizontal line indicates low-speed 

turninq anqle given in  reference I .  

Figure 19 .- Concluded. 
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Flgure 20 .- Blade-  surface pressure  distrlbutlons and  section characteristics 
for the cascade cornbinotlon. p, = 60°; u = t.5 ; a :24.8? and  blade 
5eCtlOns N A C A  65-(12Al0 110. 
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( f ) Section characteristics.Tests are two dimensionol for Mach numbers 
up to the vertical line. The horizontal line indicates low-speed 

turning angle given in  reference I 

Figure 20 .- Concluded. 
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Figure 21 .- Blade-surface pressure  distrlbutions  and  sectlon  characteristics 
for the cascade  combination. 13, I 4 5  ; z 1.5 ; Q : 8.6O; and  blade 
section, N A C A  65-( 1 2 ~  ) I  0. 
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( f ) Section charocteristics.Tests  are two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates tow-speed 

turning  anqle given in reference I .  

Figure 21 .- Concluded. 
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Figure 22. - Blade-  surface  pressure distributions and section  characteristics 
for the cascade  combination. p, =45O; u = 1.5 ; cy =12.20; and  blade 
section, N A C A  65-(12A10110. 
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( e )  Section  characterlstics.Tests are TWO dimensional  for Mach numbers 
up i o  the verilcal  line  The horlzon!al llne Indicaies  low-speed 

turnlng anqte given In reference I 

Figure 22 .- Concluded. 
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( e )  Section  characteristics.Tests are two dimensional for Mach numbers 
up to the vertlcal lme The hor1zon:al line Indicates  low-speed 

turning angle given In reference I .  

Figure 23  .- Concluded . 
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( g  ) Section characterrstics.Tests are two dimensional for Mach numbers 
up to the vertlcal [ m e  Tha horlzontat line Indicates low-speed 

turning anqle given In reference I 

Figure 2 4  .- Concluded. 
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Figure 25 _- Blade-surface pressure distrlbutions  and  section  characteristics 
for the cascade  cornbination. p,  = 45"; u = 1.5 ; Q r20.e and  blade 

Section, NACA 65-(12A,o)10. 
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Figure 25 .- Concluded. 
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( e ) Section characteristics.Tests  are two dimensional for Mach numbers 
up to the vertical  line.  The horjzontal line Indicates low-speed 

turning anqle given In reference I .  

Figure 26 .- Concluded. 
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Figure 27 .- Blade-surface pressure  distributions ond section  characteristics 
for the cascade  combinotlon. B,  = 45O; d = 1.5 ; a =2564 ond Made 
section, N A C A  65- (12AIO )IO. 
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( f ) Section  characterstics.Tests are two dimensional for Mach numbers 
up to the  verfical line. The horizontal line Indicates low-speed 

turning anqle given in reference 1 .  

Figure 27 .- Concluded. 
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( e ) Section characteristics.Tests are two dimensioaol for Mach numbers 
up to the vertical  line.  The horizontol  line  indicates  low-speed 

turning anqTe'  given in  reference 2. 

Figure 28 .- Concluded. 
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Figure 2 9  .- Blade-surface pressure  distrlbutlons and  section choracteristlcs 
for the cascade  combmation. 13, : 60°; fl : 1.0 ; Q : I  1.0: and  blade 
Section, NACA 6 5 ( 1 2 A 2  Ieb) Io .  
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Section  characterlstics.Tests  are two dimensional for Mach numbers 
up to the vertical line. The horizontal line indicates  low-speed 

turning  anqle given in  reference 2 .  

Figure 29 .- Concluded. 
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Figure 30 _- Blade-surface pressure distributlons  and  section  choracleristics 
for  the  cascade  combination. b, = 60°; Q : 1.0 ; cy :14.0°; and  blade 
section, NACA 65- ( 1 2 A z k b  110. 
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( f ) Section characterlstics.Tests are two dimensional for Mach numbers 
up to the vertical line. The horizontol line indicates low-speed 

turning angle given in reference 2. 

Figure 30' .- Concluded. 
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Figure 3 I .- Blade-surface pressure  distrlbutlons  and  section  characteristics 
for the cascade  combinatlon. BI -GOo; Q = 1.0 ; Q = 17.0: and  blade 
section, NACA 6 5 - ( 1 2 A ~  I g b  ) I O .  
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( 9 1 Section charocterlstics.Tests are two dimensional for Mach numbers 
up to the vertical line. 

Figure 31 .- Concluded. 
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Figure 32 .- Concluded - 
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Figure 33 .- Blode- surface pressure distributlons ond section chorocteristics 
for the cascade Combination, p, = 45O, u = 1.0 , Q = 5.0°, and blade 
Section, N A C A  65-(12A2Icsb)l0. 
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( e ) Section characteristics.Tests are two dimensional for Mach numbers 

u p  to the vertical line. The horizontal line indicates low-speed 
turning angle given in reference 2. 

Figure 33 .- Concluded. 
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Flgure 34 .- Blade-surface pressure  distributions and section chorocteristics 
for ihe coscode  cornbinotlon. & = 45O; CT = 1.0 ; a = 8.0°; and  blode 
section, NACA 6 5-(  f2A2 Is 110. 
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( f ) Section choracterlstics.Tests are two dimensional for Mach numbers 
up to the verticol line. The  horizontal line indicates low-speed 

turning anqle given in reference 2 

Figure 34  .- Concluded . 
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Figure 35 . - Blade-surfoce pressure  distributions and section characteristics 
for the cascade  combination. 6, = 4 5 4  CT = 1.0 ; Q I LOo; ond blode 
section, NACA 6 5 - ( 1 2 ~  I 1 I O .  2 8 b  
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( e ) Section characterlstics.Tests are two dimensional for Mach numbers 

up to the vertical line. The horizontal tine indicaies low-speed 

turning anqle given in reference 2 

Figure 35 .- Concluded. 
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Figure 36 . - Blade- surface pressure  distributions ond section characteristics 

for ihe  cascade  combination. 13, = 450; c = 1.0 ; Q =l4.03 and bidde 
section, N A C A  65-(12A I ) IO..  2 8b 
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( e  ) Section characteristics.Tests are two dimensional for Mach numbers 
up to the vertlcol  line The horizontal line indicofes low-speed 

turning angte given in reference 2. 

Figure 36 .- Concluded. 
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Section charocteristics.Tests are two dimensional for Mach numbers 
up to the vertlcal  line The horizontal line indicates  low-speed 

turning angle given in reference 2. 

Figure 37 .- Concluded. 
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Figure 38 .- Blade-surface pressure  distrlbutlans  and  sectlon  characteristics 
for the cascade  combinatlon - = 4 5 O ;  o- = L O  ; 0 =200? and blade 
section, NACA 65-( 1 2 A 2 1 8 b )  Io. 
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( 9 )  Section characteristics.Tests are two dimension01 for Mach numbers 
up to the vertical line. 

Figure 39 .- Concluded 
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Figure 40  .- Blade-  surface pressure  distributlons ond sectlon  characteristics 
for the coscade  combination. p, ~ 4 5 ~ ;  cr = 1.0 ; Q ~26.09; and blade 
section, NACA 6 5 ( 1 2 A 2 X e b ) 1 0 .  
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( f ) Section characterlstics.Tests are two dimensional for Mach numbers 
up to the vertical  line. 

Figure 40 .- Concluded. 
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Figure 41. - Blade-surfoce pressure  distributions ond section characteristics 
for the cascade combination - p, = 60°; u = 1.5 ; Q = IO.5O; and  blode 
section, N A C A  65-(12% I S b ) l O .  II 
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( e 1 Section charocteristics.Tests are two dimensional for Mach numbers 
up to the vertical line. The horizontal  line indicates low-speed 
turning angle given in reference 2. 

Figure 4 I .- Concluded. 

- 1.0 

- .a  

p2-t 
91 

- .6 

- .4 

- .2 

- 0  



I . -  NACA FZM L551c8 

Percent chord  Percent  chord 
( e )  MI :.752 ; ,9 -16.1’. ( f )  MI -790; 8 ~14.1‘ . 

Figure 42 .- Blade-  surface pressure  distribuhons and secflon  characteristics 
for the coscode  combmation. B, = 60 ; CT : 1.5 ; Q =13.5*; and  btode 
section, N A C A  6!5-(I2A2r,,)lo. 
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( g ) Section  characteristics.Tests are two dimensional for Mach numbers 

up to the vertical  line.  The horizontal line indicates  low-speed 

turning onqle given in  reference 2 

Figure 42 .- Concluded. 
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Flgure 43.- Blade-  surface pressure  distrlbutlons and  sectron characterlstlcs 
for the cascade CornDlnatlon. B,  = 60°; CT ~1.5 ; Q ~ 1 6 . 5 ~ ;  and  blade 
section, N A C A  65-(12A21gb)i0.  
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Flgure 44.- Blade-  surface pressure  dish 
for :he cascade cornblnatlon- PI  =60a 
section, N A C A  65-(f2A2IgbI IO. 

rlbutlons and section characteristlcs 
' ;  Q =1.5 ; a = 19.54 and blade 
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( f ) Section characteristics.Tests are two dimensional for Mach numbers 
up to the vertical line. The horizontal line indicates low-speed 

turning anqle given in reference 

Figure 44 .- Concluded. 
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( g )  Section characterlstics.Tests are two dimensional for Mach numbers 
up to the vertlcal line. 

Figure 4 5 .- Concluded. 
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Figure 46. - Blade- surface pressure distributions  and  section  characteristics 
for the cascade  combination. B, = 45O; c = 1.5 ; cy = 7.5O; and  blade 
section, NACA 65-1 12 A2 Is b) IO. 
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Section characterlstics.Tests are two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates  low-speed 

turning anqle given in reference 2 

Figure 46 .- Concluded. 

-1.0 

- .8  

p2-4 
41 

- .6 

- .4 

- .2 

- 0  



106 KACA RM L55I08 

Figure 47. - Blade-  surfoce  pressure  distributions and  section  characteristics 
for the cascade  combination. PI = 4S0; cr = 1.5 ; Q =10.So; and blode 
section, NACA 6 5- ( 12A21 IO. 
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Figure 48 .- Blade-  surfoce  pressure  distributions and  section  choracteristics 
for  the cascade cornbination. B ,  = 45O; cr = 1.5 ; Q = 1 3 5 O ;  and blade 
section, NACA 65-.( 12A I ) I O .  
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( e  ) Section  characteristics.Tests are two dimensional for  Mach numbers 
up to the vertical  line.  The horizontal line indicates  low-speed 

turninq  angle given in  reference 2 

Figure 48 .- Concluded - 
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Figure 49 . - Blade-  surface pressure distrrbutlons and section chorocteristics 
for the cascade  combination. B I  = 45"; c : 1.5 ; cy I6.5O; and blode 
section, N A C A  6!5-(12A I 110. 2 8b 
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( e ) Section charocteristics.Tests are two dimension01  for  Mach  numbers 
up to  the verticol line.  The horizontal line indicates low-speed 
turning  anqle  given in reference 2. 

Figure 49 .- Concluded - 
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Figure 50 .- Blade-surface pressure  distributions ond section  characteristics 
for the cascodr  combination. BI : 45'; Q :1.5 ; Q : 19.5: and  blade 
section, NACA 65- (12A218b)10.  



5G 

( g ) Section characterlstics.Tests ore two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates  low-speed 

turning anqle given  in reference 2 

Figure 50 .- Concluded. 
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Figure 51 .- Blade-surface pressure  distrlbutions and  section characteristics 
for the coscade combinatlon B ,  :45O, Q : 1.5 , a :22.50, and  blade 
section, NACA 65-(12A I ) I  0. 
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( f ) Section characferlstics.Tests are two dimensional for Mach numbers 
u p  to the vertical line The  horizontal line Indicates low-speed 

turning angle given in reference 2 

Figure 51 .- Concluded 
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Figure 52 .- Blade-surface pressure  distributlons  and  section  characteristics 
for the cascade  comblnation b, : 45O, d = 1.5 , Q -25.50, ond blode 
section, NACA 65-(12A2Isb)l0. 
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( f ) Section choracteristics.Tests  are two dimensional for Mach numbers 
up to the vertical  line.  The horizontal line indicates  low-speed 

turning angle given in reference 2 

Figure 52 .- Concluded 
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FLgdre 53. - S c h l i e r e n  pllotographs and Xac ie - sec t io r  charac5eristics l o r  

a range of lkch nuT(I-i;ers. Cascade of  NACk 63-( 12lqg)X? compressor 
blacks. 3 = 6Co; cs = 1.0; and a = 9.3'. 
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Figure 53 .- Concluded. 

10 

08 

C W l  

06 

04 

02 

1 
0 



120 - NACA RM L55108 

(a) M,= 0.716 

t 

(b) My 0.758 
I 

(c) M,=0.796 

(e) M,=0.849 (f) M,=0.89I 



i6G 

. 

I4 

12 

10 

08 

C W l  

06 

04 

02 

1 
0 

Figure 54 .- Conctuded. 
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(f) M~C.843 
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L-90494 
FigLre 56.- Schlieren p’rotcgraphs an& -3lade-section characteristics for 

a rmga of %ch numbers. Csscade of NACA 65-( J - 2 l ~ ~ ~ ) l O  cmpressor 
bhdes . f3 = &5*; u = 1 .>; and a = 8 .go. 
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( f ) Section characterrstics. 

Figure 5 6  .- Concluded. 
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(a) M I  0 623 (b) M,=9.671 

IC) Ml=C.702 (dl M,=O 717 

(e) M =  0.720 
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Figure 57 .- Concluded. 

Section  choracterlstics. 
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-" 

(a) M,= 0.625 (b) Mr0.663 

. . .- 

, . -.  - . .  

(c) M =O 737 (dl M,=0.752 

(e) M ,= 0.766 

(9) !\4,=0.773 

L-90496 
Figure 5.8.- SchLieren ?hotogrs?ils ~ n d  blzde-section chsracteristics for  

2 rasge of Mach rxnkers. Cascade cf K4CA 53-(i2Alo)10 compessor 
blades. p = k5O; d = 1.5; anti a = 14.53. 
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( h ) Section  chaiacteristics. 

Figure 58 .- Concluded. 
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[a) M,=0.683 

(c) 1\/1.=0.777 

(a) M,=0.710 

(e) M,=0.820 

L-90497 
Figire  59.- Scklieren Fhotogz-zshs and blade-section  characterist ics f o r  

a rarge of K&ch nw-bers. Cascade sf PACA 65- i2Ai0 10 compressor 
biaees. 9 = k5O; a = 1.5; ard a = 17.5O. 
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( f ) Section charocterlstics. 

Figure 59 .- Concluded. 
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(c)  M,=C.E68. (D) M,=0.716 

(SI V,=O.816 

- L-90498 
r3gwe 63. - Schlierer- photogr&phs and blade-secticn characteristics for 

E “ange of Mach m a b e ” & .  Cescade of HACA 63- 12A21ak)10 c m -  are s s or  

blades. p = GOo; a = :.C; and c: = 8.1‘. 
( 
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( f ) Secrion cnaracterrstics. 

Figure 60 .- Concluded. 
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( i ) Section  characteristics. 

Figure 61 .- Concluded. 
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( h ) Section characterlstics. 

Figure 62 .- Concluded. 
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(d) M,=3.758 

(g) MI= 3.878 
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( i ) Section characterlstics. 

Flgure 63 .- Concluded. 
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(c) Vi,= 0.772 
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(f M,= 0.887 
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Figure 64 .- Concluded. 
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(a1 M,= C.557 

(c) M, = 0.645 
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( 9 ) Section characteristics. 

Figure 65 .- Concluded. 
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I 

(a) FA,=0609 (b) MrC.656 

(c) M,= 0.720 (d? M~0.736 
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Figure 66  .- Concluded. 

Section characierlstics. 
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(c) M = 0.773. (d) M 0.823 

(e) V , =  0.843 (f) Mr0.846 

L-90505 
Figare 67. - Schlieren photograshs and blade-section characteristics- for 

a r a g e  of Mach Embers. Cascade of NACA 65-(12~,1~~)10 compressor 
5lades. j3 = 45"; a = 1.5; and CY, = 20.3'. 
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( 9 ) Section characterlstics. 

Figure 67 .- Concluded. 
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Figme 69.- CcKpsrison of turning angles at high a d  low speeb for 
KACA 6g-(1al0)1o blade  section et p7 = 450 c = 1.0. h c w  
shcvs lcw-speed desip- -le of attack. 
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shows l m - s y e h  design  angle of a t tack.  
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Figure 71.- Comparison of turning angles at high and low speeds f o r  NACA 65-(12~~~)10 blade section 

at p, = h 5 O  and cs = 1.5. Arrow shows low-speed design angle of attack. VI 
P 
I" 
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Figure 73.- Comparison of turning angles at high and low speeds f o r  NACA 65-(12~~1~,,)10 blade sec- 
VI 
P 

t i o n  at p, = 45’ and (I = 1.0. Arrow shows low-speed design  angle of attack. u 
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Figure '75.- Con-pa.rison of  turning W i e s  at high a d  l o w  speeds f o r  

NA.cA 65-(1241&)10 blade  section at PI = 45O an6 a = 1.5. 
h r o w  s h ~ w s  low-speed design  angle of zttack. 
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Figure 76.- Variatiog of raraentum loss wit2 angle of attack at constant 
n r  rcech r d s e r  for ZACA 6 5 - ( 1 2 ~ ~ ~ ) 1 0  bl&e section at p1 = 60' m d  

d = 1.0. Arrcv shows Low-speed design -le of attack. 
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Figure 77.- VmiEtion of momentun loss with engle of a t tack &t constmt 
Mach amber tor NACA 65-(12~~~)10 blede sect ion at P1 = 45O ad 
a = 1.0. Arrow shows low-speed design  angle of attack. 
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FFgxe 78.- V&ria+,ion of rrCrre?tr;m loss witn angle of attack at constart 
Mack nm'5er for -UCA 65-(12Al3)10 blade sectior- Et = 60° 
ar,d Q = L.5. A r r o w  slpova lol#--s?eed design angle of e t tack.  
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Fj.gurc 79.- Variation of momentum loss with angle of attack at constant 
Mach number for NACA 63- (12Alo)1o blade  section at p:, = 11.5O 

and u = 1.3 .  Arrow  shows low-speed design  angle of attack. 
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3'igu-e 80.- Vzriation of momentsx lcss wi5b awls ol" actack at constant 

Mach number :or NACA 63-(12~~Y8~)LO blade  section et p1 = 60° 
snd d = 1.0. Arro-w shows low-speed  desFgn -le of attack. 
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Figure 81.- Variation of momentwn loss with angle of e t tack  at constant 
Mech number for ?!€kCA 65- (124218b)10 b h d e  section at p, = 45O 
an6 d = 1.0. Arrow shows low-speed design angle of at tack.  
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Figure  82.-  Vzriaticn cf momentum loss v i th  angle of a t tack  at constant 
Mach number f o r  TqACE, 65-(12A218b)10 blede  section at = 60° 
and 0 = i.3. Arrow shows lox-speed  design  angle of attack. 
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Figure 83.- Variation of momentum loss with afigle of a t tack E t  constant 
Mach nmber for NACA 65(l~,18~)10 blade section a% pl = 45O 
and u = 1.5. Arrow shovs low-speed design angle of attack. 
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F-igne &.- 3lade passage zreas. 
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Figure 85.- Throat-area carpet plo t  of NACA 65- 10 compressor blade-sect im 

cas  cadc configurations. 

( A  large working copy of th5.s charl; m y  be obtained by using Lhe request card 
bound i n  the back  of the report .  ) 



Figure 86.- Throat-area  carpet p:Lot of NACA 63- 10 compressor  blade-section 

cascade conf igurati.one. 

( A  l a rge  work'ing copy o f  Lhio c h a r t   m y  be  obtained  by using the  request  cayd- E! 

8 

bound in t he  back  of the rcpor-t. ) 
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Figure 87.- Static-pressure rise measured across cascades on NACR 65(12~,,)10 
and 63-(12~218~)10 compressor blades at Mach numbers of 0.6 and 0.8. 
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